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Streptococcus pyogenes secretes a specific immunoglobulin G (IgG)-protease, SpeB, as well as the IgG
glycan-hydrolyzing enzyme EndoS. Here we show that SpeB also degrades IgA, IgM, IgD, and IgE. We also
show that EndoS only hydrolyzes the glycan moiety on native but not denatured IgG. Thus, SpeB has a broad
immunoglobulin-degrading activity, while EndoS is highly specific for IgG.

Microbial proteases with immunoglobulin G (IgG)-degrad-
ing activity have previously been described for several mi-
crobes, including the human pathogen Pseudomonas aerugi-
nosa (8), the causative agents of chronic adult periodontitis;
Prevotella intermedia and Prevotella nigrescens, as well as the
helminth parasite Paragonimus westermani (9, 22). These mi-
croorganisms all degrade IgG into low-molecular-weight frag-
ments. In contrast, specific IgA-protease activity is a well-
established feature of a number of bacterial pathogens. For
example, Streptococcus pneumoniae, Haemophilus influenzae
(18) and oral streptococci (12) all produce proteases that spe-
cifically cleave IgA in the hinge region into Fab and Fc frag-
ments.

Streptococcus pyogenes is a significant human pathogen that
causes infections such as impetigo, scarlatina, and pharyngitis,
as well as severe invasive diseases such as necrotizing fasciitis
and sepsis (1, 3). Nonsuppurative sequelae include glomerulo-
nephritis and acute rheumatic fever with heart complications.
One protein that has been proposed to play a role in the
manifestations of infection is the secreted streptococcal cys-
teine proteinase, also known as streptococcal erythrogenic
toxin B or SpeB (6). SpeB degrades several host plasma and
matrix proteins (5, 11, 17) and activates or releases host proin-
flammatory molecules (7, 10). The role of SpeB as an impor-
tant virulence factor has been established using both in vivo
and in vitro models (14, 15, 25). We have recently shown that
SpeB has IgG-protease activity and that a novel enzyme se-
creted from S. pyogenes, EndoS, hydrolyzes the asparagine-
linked glycan on IgG. These two enzymes act simultaneously
on the same IgG molecule when bacteria are grown in the
presence of human plasma without addition of reducing
agents, as previously described (2). The conserved glycan moi-
ety on asparagine 297 of the �-chain of IgG has been shown to
be important for several effector functions of IgG, including
complement activation and binding to Fc receptors (20, 21). In
this report we investigated if SpeB has activity on the other
human immunoglobulins IgA, IgM, IgD, and IgE and if the

EndoS activity depends solely on the structure of the glycan
moiety of IgG or if the three-dimensional structure of the
whole IgG molecule is important.

SpeB activity on IgG, IgA, IgM, IgD, and IgE. We recently
reported that SpeB cleaves the �-chain of native IgG specifi-
cally in the hinge region and that this site is distinct from the
papain cleavage site (2). We therefore investigated the ability
of SpeB to cleave other human immunoglobulins. Purified
cysteine proteinase SpeB (1 �g) was incubated in phosphate-
buffered saline (PBS) for 24 h at 37°C with 10 �g of purified
human serum IgA, IgG, IgM (Sigma, St. Louis, Mo.), IgD, or
IgE (ICN, Aurora, Ohio) in the absence or presence of 10 mM
dithiothreitol, a reducing agent necessary for SpeB activity
(13). After incubation with SpeB, immunoglobulins were ana-
lyzed by sodium dodecyl sulfate–10% polyacrylamide gel elec-
trophoresis (SDS-PAGE). Proteins for NH2-terminal sequenc-
ing were first separated by SDS–10% PAGE and then
electroblotted to Immobilon-P (Millipore, Bedford, Mass.) ac-
cording to Matsuidara (16). Bands of interest were excised and
subjected to Edman degradation (4).

SDS-PAGE analysis of human immunoglobulins incubated
with SpeB confirmed that SpeB cleaves the IgG heavy chain
into stable Fab and Fc fragments (Fig. 1, lane A). SpeB also
cleaved the heavy chains of IgA, IgM, and IgD into fragments
of 34, 32, and 30 kDa, respectively, but no accumulation of any
other protein band was apparent (Fig. 1, lanes C, E, and G). In
contrast, the heavy chains of IgE were completely degraded by
SpeB (Fig. 1, lane I). Under these experimental conditions, the
light chains were apparently resistant to SpeB degradation and
no cleavage of the immunoglobulins was observed when SpeB
was inactive (Fig. 1, lanes B, D, F, H, and J).

To investigate where SpeB cleaves in the immunoglobulin
molecules, generated fragments were subjected to NH2-termi-
nal sequencing. This revealed that IgG is cleaved in the hinge
region, as reported previously (2), while the sequences from
IgM and IgA represent the very amino-terminal parts of the
respective heavy chains (Table 1). This suggests that SpeB
degrades the carboxy-terminal parts of the �-chains of IgM
and �-chains of IgA, leaving amino-terminal fragments of the
respective chains that resist further degradation. The �-chains
of IgD are degraded completely, since the sequence obtained
from this fragment represents the hinge region of �-chains
from IgG2. This is most likely due to an IgG contamination of
the IgD preparation. The ε-chains of IgE are also completely
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degraded by SpeB. Taken together, these results show that
SpeB is a specific IgG-protease that degrades the other immu-
noglobulin isotypes to various degrees. This could have impli-
cations for the role of SpeB in S. pyogenes pathogenicity.

EndoS is specific for native IgG. We have previously shown
that EndoS secreted from S. pyogenes hydrolyzes the glycan on
native IgG, leaving an N-acetylglucosamine with a core fucose
(2). This is in contrast to several of the known related enzymes,
such as the EndoF family, where denaturation enhances the
hydrolysis of a substrate glycoprotein (23). Furthermore, we
have previously reported that EndoS does not remove any
major glycans from IgA and IgM (2). These observations led us
to hypothesize that in addition to the glycan moiety on IgG, the
three-dimensional structure of this immunoglobulin is impor-
tant for EndoS activity.

In order to elucidate this, full-length EndoS was expressed in
Escherichia coli using the glutathione S-transferase (GST)
gene fusion system according to the manufacturer’s instruc-
tions (Amersham-Pharmacia Biotech, Uppsala, Sweden). Af-
ter induction, bacteria were lysed using BugBuster (Novagen),
and the GST-EndoS fusion protein was purified on glutathio-
ne-Sepharose. The GST tag was removed using factor Xa
according to protocols (Amersham-Pharmacia Biotech), and
residual factor Xa was removed using Xarrest-agarose (Nova-
gen). This resulted in a preparation of recombinant EndoS
(rEndoS) that was homogenous as assessed by SDS-PAGE and
Western blot using EndoS-specific antibodies (data not

shown). This rEndoS was used to investigate the activity of
EndoS on IgG denatured to various degrees.

IgG was incubated in PBS at room temperature or at 40 to
90°C for 30 min and subsequently equilibrated at 37°C prior to
addition of rEndoS. Then 10 �g from these IgG preparations
was incubated with 1 �g of rEndoS or PBS alone for 2 h at
37°C, followed by separation on SDS–10% PAGE. One gel was
stained and the other was electroblotted onto Immobilon-P
polyvinylidene difluoride membrane (Millipore) as described
(24) for lectin analysis. The membrane was blocked with Tris-
buffered saline (TBS) with 0.1% Tween-20 (TBST) and incu-
bated with 2 �g/ml of a biotinylated Galanthus nivalis lectin
(Vector Laboratories, Burlingame, Calif.) that recognizes
�-1,3-mannose residues found in the N-linked glycan of IgG.
After washing in TBST, the membrane was incubated with 5
�g of peroxidase-labeled streptavidin (Vector Laboratories)
per ml. After washing in TBST, the membrane was developed
by the Immunoprint method (19) and exposed on Cronex X-
ray film (Sterling Diagnostic Imaging, Newark, Del.). This re-
vealed that EndoS shifted the apparent molecular mass of IgG
incubated at temperatures of 40 to 70°C. In contrast, IgG
incubated at temperatures of 80 to 90°C was resistant to EndoS
activity (Fig. 2, stain). The lectin analysis confirmed that the
size shifts result from hydrolysis of the glycan and that com-
pletely denatured IgG is resistant to EndoS (Fig. 2, blot).
These data indicate that the three-dimensional structure of
IgG is necessary for EndoS activity. They also suggest that the
glycan structure alone is not sufficient for hydrolysis to occur
and that EndoS is highly specific for native IgG.

In conclusion, our results demonstrate that secreted SpeB,
in addition to its activity as a specific IgG-protease, partially or
totally degrades the other human immunoglobulins. We also
show that the secreted enzyme EndoS is highly specific for IgG,
since it only hydrolyzes the N-linked glycan on native IgG. This
shows that the human-specific pathogen S. pyogenes has
evolved two different enzymes, with distinct activities, that
work in concert to hydrolyze human immunoglobulins. These
findings contribute to the understanding of the role of secreted
enzymes in the molecular pathogenesis of S. pyogenes.

FIG. 1. SpeB activity on human immunoglobulins. Purified SpeB was incubated with purified IgG, IgA, IgM, IgD, and IgE in the presence or
absence of active SpeB, as indicated. LC, light chains; HC, heavy chains. An asterisk indicates the protein band excised for NH2-terminal
sequencing.

TABLE 1. Amino-terminal sequences of SpeB-generated fragments
of IgG, IgM, IgA, and IgD

Immuno-
globulin

Fragment
size (kDa) Sequence Homology

IgG 31 GPSVFLFPP Hinge region of IgG1
IgA 34 EVQLVESGGAL N terminus of IgA heavy chain
IgM 32 EVQLVESGGGL N terminus of IgM heavy chain
IgD 30 PVXPSVFLFP Hinge region of IgG2a

a This fragment most likely represents an IgG contamination of the IgD
preparation.
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FIG. 2. EndoS activity on native and denatured human IgG. Purified human IgG was incubated at the indicated temperatures prior to
incubation with purified rEndoS. Samples were separated by SDS–10% PAGE and stained with Coomassie blue (stain) or blotted to a membrane
and analyzed using G. nivalis lectin (blot).
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